To explore t h e p o s s i b i l i t y t h a t c h t l d r e n who develop Reye's syndrome may be m e t a b o l i c a l l y unique, we examined t h e a b i l i t y o f s u r v i v o r s t o respond t o endogenous and exogenous metabolic s t i m u l i . Our p r e l i m i n a r y r e s u l t s i n d i c a t e t h e presence of abnormal i n s u l i n and glucagon responses under fasted and s t i m u l a t e d states. S p e c i f i c a l l y , h i g h e r f a s t i n g i n s u l i n and glucagon values were found i n Reye's s u r v i v o r s than t h e i r s i b l i n g s o r normal c o n t r o l c h i l d r e n .
d u r i n g an OGTT. Higher mean i n t e g r a t e d i n s u l i n areas above baseline were observed i n Reye's s u r v i v o r s and t h e i r s i b l i n g s compared t o c o n t r o l s ( p < .001.
A f t e r I -a r g i n i n e i n f u s i o n , a c l e a r l y d i s c e r n i b l e double peak i n t h e glucagon response was seen i n 2 survivors, 1 s i b l i n g and 3 parents examined, a response n o t
observed i n t h e peripheral venous c i r c u l a t i o n b u t o n l y r e p o r ted i n p o r t a l v e i n samples. These observations i n d i c a t e t h a t responses t o a v a r i e t y of pancreatic endocrine s t i m u l i a r e a l t e r e d i n Reye's s u r v i v o r s and t h e i r f a m i l i e s .

SPECULATION
I n Reye's syndrome, h i g h l e v e l s o f c i r c u l a t t n g glucose substrates and metabolic fuels such as, alanine, l a c t a t e , pyruvate, g l y c e r o l , n o n -e s t e r i f i e d f a t t y acids, acetoacetate and 6-hydroxybutyrate, are reported (15.37) f r equently i n the presence o f normal plasma glucose concentrations.
The regulat i o n o f t h e f l u x of these substrates i s h i g h l y influenced by t h e hormones, i n s u l i n and glucagon. I n s u l i n i s p a r t i c u l a r l y important i n the i n h i b i t i o n o f release o f such substrates from peripheral stores. Animal and human s t u d i e s i n various hyperinsulinemic s t a t e s i n which hyperglucagonemia i s a l s o seen have shown s i g n i f i c a n t r e d u c t i o n i n i n s u l i n -r e c e p t o r binding. The possib i l i t y i s r a i s e d t h a t t h e r e l a t i v e hyperinsulinism expressed by c h i l d r e n who have survived Reye's syndrome may have been present before t h e i r acute disease and may have c o n t r i b u t e d t o t h e metabolic manifestations o f t h e acute disorder.
Reye's syndrome i s a r a r e p e d i a t r i c complication of comnon v i r a l i l l n e s s e s such as influenza and v a r i c e l l a (4) .
While epidemics o f influenza a f f l i c t vast numbers of people throughout t h e e n t i r e age spectrum of man. Reye's syndrome as a sequel t o influenza i s l i m i t e d t o l e s s than 1110th o f a percent of c h i l d r e n who have influenza ( 4 ) . This epidemiological f e a t u r e suggests t h a t age and a s u s c e p t i b i l i t y f a c t o r must both be present t o s e l e c t i v e l y produce Reye's syndrome. The l a t t e r p o s s i b i l i t y i s f u r t h e r supported by increasi n g evidence of f a m i l i a l c l u s t e r i n g and recurrences o f t h i s syndrome (1.10.12,
13.17.18.22.27-30.31.34.35).
We have searched for a predisposing f a c t o r i n these c h i l d r e n l o n g a f t e r t h e y had recovered from t h e i r acute Reye's episodes. Because several glucose substrates a r e elevated i n t h e plasma d u r i n g t h e acute disease even i n t h e absence o f hypoglycemia i n many cases, we chose t o examine t h e a b i l i t y o f surv i v o r s t o maintain c a l o r i c homeostasis under a v a r i e t y o f s t i m u l i .
The r e s u l t s o f our p r e l i m i n a r y studies i n d i c a t e t h a t these c h i l d r e n maint a i n homeostasis i n t h e presence o f increased i n s u l i n and glucagon concentrat i o n s i n the peripheral c i r c u l a t i o n under f a s t i n g conditions and i n response t o various s t i m u l i . This a l t e r e d s t a t e o f metabolic responsiveness was a l s o found i n some b u t n o t a l l parents and s i b l i n g s examined r a i s i n g the l i k e l i h o o d t h a t genetic factors may be involved i n these findings.
METHODS
Informed consent was obtained from a l l p a r t i c i p a t i n g a d u l t s and parents o f minors.
This study was conducted on t h e parents and s i b l i n g s o f seven unrelated c h i l d r e n who had Reye's syndrome. Five o f t h e s i x c h i l d r e n who survived were a l s o s t u d i e d and a r e designated s u r v i v o r s #I-5. The s i x t h c h i l d was excluded because of the recent occurrence of h i s i l l n e s s . The seventh c h i l d succumbed and t h e diagnosis was supported by autopsy findings. c r i t e r i a for t h e diagnosis o f Reye's syndrome i n c l u d e c l i n i c a l evidence of a progressive encephalopathy f o l l o w i n g a v i r a l -l i k e prodromal i l l n e s s , normal spinal f l u i d . evidence of hepatic dysfunction i n t h e absence o f hyperb i l i r u b i n e m i a and absence o f trauma o r exposure t o t o x i n s (14). Staging of t h e acute d i s o r d e r was according t o Lovejoy, e t a1 (19).
Of t h e f i v e Reye's s u r v i v o r s studied, o r a l glucose tolerance t e s t s (OGTT) were done i n four subjects (11-4). a r g i n i n e s t i m u l a t i o n i n two (12.3). and epinephrine. glucagon and i n s u l i n tolerance studies were performed i n four (11-4).
I n one s u r v i v o r . #5, repeated f a s t i n g samples, only, were examined. Each c h i l d had f u l l y recovered from the acute syndrome as judged by h i s r e t u r n t o normal a c t i v i t y and n o r m a l i z a t i o n o f a wide b a t t e r y o f l i v e r function t e s t s .
i n c l u d i n g the SGOT, SGPT, LDH, a l k a l i n e phosphatase, prothrombin. serum prot e i n s and blood annonia.
The i n t e r v a l o f t i m e between t h e acute episode and t h e i n i t i a l study was 2.5 years, 2.5 years, f o u r months, 3 years, and 1 year f o r subjects, 11.2.3, 4. and 5. r e s p e c t i v e l y . T h e i r mean age was 10.4 years i f a l l 5 are included and 12.4 if subject #5 i s excluded a t the time o f these studies. The glucose tolerance t e s t was repeated 12 m n t h s l a t e r i n two subjects, 12 and 13. S i m i l a r findings were found.
The body habitus o f these subjects was normal as i n d i c a t e d by t h e h e i h t and weight p e r c e n t i l e s f o r each o f t h e f o u r who were studied i n d e t a i l ? # l , 25 p e r c e n t i l e (I) for h e i g h t ( h ) and weight (w), 12 75% h and w, $3 50% h and 90% w, W4 90% h and 75% w). A sumnary o f t h e i r c l i n i c a l findings a t t h e time of t h e i r acute episode i s presented i n Table 1. Eight unaffected s i b l i n g s were studied. 3 o f whom were s i b l i n g s o f t h e f a t a l case o f Reye's syndrome. $7. Fasting blood samples were c o l l e c t e d i n seven f o r determinations o f i n s u l i n , glucagon and glucose. An OGTT was performed i n s i x i n c l u d i n g 3 s i b l i n g s o f p a t i e n t 17 and an a r g i n i n e i n f u s i o n study was performed i n t h e s i b l i n g o f s u r v i v o r 13. The s i b l i n g s on whom an OGTT was performed had weight p e r c e n t i l e s a t o r below t h e i r h e i g h t percent i l e s . None was obese. The a es o f these s i b l i n g s i n years were 7 8/12 ( s i bl i n g o f 12). 13 2/12 ( # 3 ) , 13 ?#4), 3 (15) . 6% ( # 6 ) , and 5, 8 and 10 years f o r t h e f a t a l case X7 a t t h e time of t h i s study.
Twelve parents were studied i n c l u d i n g t h e r o t h e r s o f 11, 13, and both parents o f X2. 14, 15, 16, and t7. Fasting blood samples were obtained from each (n.12).
an OGTT was performed on t h e mother o f 13 and t h e parents of X2, #6, and 17 (n.7) and an a r g i n i n e s t i m u l a t i o n t e s t was done on t h e mother o f 13 and the parents o f X2 (11. 31.
Of t h e seven on whom an OGTT was performed, 4 were s l i g h t l y obese (fathers o f 12 & 6, mothers o f X3 K 7) and 3 were lean. Preparation f o r t h e OGTT included i n s t r u c t i o n s t o parents t o i n s u r e a h i g h carbohydrate d i e t f o r t h r e e days p r i o r t o admission. To our knowledge, o n l y one subject, father o f 16, could n o t adhere t o the high carbohydrate i n t a k e due t o symptoms of r e a c t i v e hypoglycemia. Subjects were admitted f o r each tolerance t e s t t h e afternoon p r i o r t o t h e study except i n one f a m i l y (parents and s i b l i n g ) who were s t u d i e d on an o u t p a t i e n t basis. A f t e r an overnight fast, 1.75 grams of glucose per kilogram body weight was given a f t e r preparation o f t h e p a t i e n t . For t h e a r g i n i n e i n f u s i o n , 0.5 grams per kilogram body weight o f 1-arginine hydrochloride, n o t t o exceed 30 grams, was given intravenously over a 30-minute period. For each study an intravenous needle was placed i n a peripheral arm v e i n which was kept open w i t h 113 normal s a l i n e . Three ml of blood was withdrawn from t h e cannulated v e i n and d i scarded before t h e sample for a n a l y s i s was c o l l e c t e d . During the study period, t h e subject was allowed t o engage i n q u i e t p l a y a c t i v i t i e s i n bed.
Blood for i n s u l i n and glucagon was c o l l e c t e d i n heparinized tubes. For gluca on d t rminations, 500 u n i t s o f a k a l l t k r e i n -t r y p s i n i n h i b i t o r , Trasyfol was added per ml of blood i n n e d i a t e l y upon c o l l e c t i o n o f t h e
blood. I n s u l i n was determined as t o t a l innnunoreactive m a t e r i a l i n plasma which r e a c t s w i t h porcine i n s u l i n a n t i s e r a as determined by t h e double-antibody radioimmunoassay as described by b r g a n and Lazarow (20). P r o i n s u l i n was determined by t h e difference between t o t a l imnunoreactive m a t e r i a l i n plasma t o porcine i n s u l i n a n t i s e r a before and a f t e r treatment w i t h t h e insul i n -s p e c i f i c protease as p r e v i o u s l y described ( 3 ) . Glucagon was determined by the radioimunoassay method as described by Unger (33) and Faloona (22) . Glucose was determined by t h e autoanalyzer method. An a n a l y s i s o f variance was made. Jhe average variance w i t h i n groups ( s 2 ) and t h e variance between grou s (S ) f o r i n s u l i n were 24.5470 and 78P4515, respectively. F = s2 / S? -3m1960. The F value a t t h e 95% c o n f idence l i m i t was 3.03 and was a.76 %-the 99% confidence l i m i t (degrees o f freedom, df, f o r t h e variance between means was 3 and t h e df f o r t h e variance between groups was 23). Thus, the'difference o f mean f a s t i n g i n s u l i n l e v e l s between groups i s s i g n i f i c a n t . By m u l t i p l e range t e s t i n g t h e difference between s u r v i v o r s and c o n t r o l c h i l d r e n was s i g n i f i c a n t a t t h e 99% confidence l i m i t .
For glucagon, s2 was 13.235.32. s2 was 79.658.69 and F was 6.0186. The F value a t t h e 99% c o l f i d e n c e i i m i t wasm4.61 (df f o r variance between means was 3 and df f o r variance between groups was 27).
Thus, Reye's s u r v i v o r s have s i g n i f i c a n t l y higher f a s t i n g plasma i n s u l i n l e v e l s than c o n t r o l c h i l d r e n and higher f a s t i n g glucagon l e v e l s than unaff e c t e d s i b l i n g s o f Reye's syndrome subjects.
Of seven s i b l i n g s examined, o n l y one had high i n s u l i n values w i t h a mean value o f 28 uU/ml.
The remaining s i x s i b l i n g s had f a s t i n g values comparable t o c o n t r o l c h i l d r e n . With respect t o glucagon, two of t h e seven s i b l i n g s had f a s t i n g values above 200 pglml. Both had normal f a s t i n g i n s u l i n l e v e l s . Three o f seven s i b l i n g s had increased f a s t i n g i n s u l i n o r glucagon l e v e l s but none had e l e v a t i o n s o f both hormones as described f o r t h e Reye's survivors.
Yhen t h e s t i m u l a t o r y effect o f glucose on i n s u l i n s e c r e t i o n i s studied d u r i n g OGTT, t h e response o f s u r v i v o r s as a group was d i f f e r e n t from c o n t r o l c h i l d r e n . The mean i n t e g r a t e d i n s u l i n area above baseline was higher i n Reye's s u r v i v o r s (8,868 sU/ml/min x 10-3 + S.E.M. 1106) compared t o normal c h i l d r e n (4,792 uU/ml/min x 10-3 5 S.~.I4.-621); p < .OOl. The mean value obtained f o r s i b l i n g s was a l s o s i n i f i c a n t l y elevated (mean 9,749 pU/ml/min x 2 S.E.M. 1894); p < .001. ?see Figure 3 ).
Heterogeneous responses t o o r a l glucose were e x h i b i t e d by parents. I n n i n e o f twelve, responses were e s s e n t i a l l y normal. One asymptomatic mother who i s obese demonstrated glucose intolerance, manifested by.hyperglycemia 
reported by t h i s f a t h e r who i s a physician who describes diaphoresis and syncope f o l l o w i n g a h i g h carbohydrate intake. The 3-day d i e t a r y preparation f o r t h e OGTT was o n l y p a r t i a l l y c a r r i e d o u t due t o t h e continued development o f symptoms. Thus, t h e response of parents t o o r a l glucose was abnormal i n t h r e e of twelve i n d i v i d u a l s examined and ranged from excessive t o inadequate beta c e l l responses each i n d i v i d u a l l y associated w i t h e i t h e r peripheral i n s u l i n i n s e n s i t i v i t y o r i n s u l i n dependence.
Peak i n s u l i n values were higher i n t h r e e o f f o u r s u r v i v o r s and four of f i v e s i b l i n g s than c o n t r o l c h i l d r e n . The highest peak i n s u l i n concentrations. 277 and 258 ~U / m l , were found i n s i b l i n g s . One parent had a peak value higher than t h a t observed i n obese a d u l t s . The mother o f #7 had an i n s u l i n concentration o f 238 uU/ml which occurred 120 minutes a f t e r t h e i n g e s t i o n of glucose. (Figure 4 ).
DISCUSSION
A complexity o f metabolic derangements accompanies Reye's syndrome, each o f which evokes i t s own compensatory change. These derangements and counterr e g u l a t o r y metabolic events i n t e r f e r e w i t h attempts t o d e l i n e a t e cause and e f f e c t and, as a consequence t h e e t i o l o g y o f t h i s disease remains unknown.
Our approach t o Reye's syndrome has been influenced by o u r surmise t h a t a number o f metabolic processes which u t i l i z e t h e second messenger system appear t o be a f f e c t e d i n c l u d i n g gluconeogenesis. l i p o l y s i s , p r o t e o l y s i s and neuronal transmission (15). Based on t h i s prejudice, we have extended o u r studies t o s u r v i v o r s l o n g a f t e r they had recovered from t h e i r acute i l l n e s s . Our f i n dings i n d i c a t e t h e presence o f an a l t e r e d s t a t e o f responsiveness t o metabolic s t i m u l i i n v o l v i n g t h e g l u c o s t a t i c hormones
, i n s u l i n , and, p a r t i c u l a r l y , glucagon, which are found i n h i g h concentrations under both f a s t i n g and stimul a t e d s t a t e s i n c h i l d r e n who have survived Reye's syndrome. These hormones g e n e r a l l y promote opposing e f f e c t s i n t h e r e g u l a t i o n o f normal f u e l homeostas i s . Since s t i m u l a t i o n o f one hormone g e n e r a l l y evokes a counter r e g u l a t o r y response from t h e other, t h e primary o r compensatory nature o f t h e hyperglucagonemia o r t h e hyperinsulinemia cannot r e a d i l y be determined.
Hormonal r e g u l a t i o n o f gluconeogenesis serves t o ensure t h e maintenance o f g l u~o s t a s l s d u r i n g f a s t i n g and i s p r i m a r i l y centered on peripheral tissues. according t o Exton e t a1 ( 6 ) . t o c o n t r o l the release o f substrates f o r glucose production by t h e l i v e r through t h e influence o f glucagon (7). With respect t o i t s a c t i o n on hepatic glucose balance, glucagon i s believed t o be f a r more potent than i n s u l i n on a molar basis (32). Ratios o f i n s u l i n t o glucagon i n t h e peripheral plasmas o f normal humans a f t e r an o v e r n i g h t fast i s 3.8 a t which time t h e l i v e r i s producing glucose a t a s u b s t a n t i a l r a t e . e x h i b i t i n g a glucagon effect, whereas r a t i o s o f 0.4 are found d u r i n g s t a r v a t i o n and 16 on glucose i n f u s i o n (32). Fasting i n s u l i n t o glucagon r a t i o s i n s u r v i v
o r s a r e s u b s t a n t i a l l y under a d u l t values, averaging 0.85, 1.73, 1.04, and 0.91 i n subjects $1 t o 84, r e s p e c t i v e l y . Estimates of half-maximum concentrations o f glucagon converted t o pglml f o r a c t i v a t i o n o f several p h y s i o l o g i c a l l y important metabolic processes a r e 175 pg/ml for glycogenolysis, 350 pg/ml for gluconeogenesis and 1750 for both ureagenesis and ketogenesis (25). Since p o r t a l v e i n concentrations are about 2.6 times higher than peripheral l e v e l s (9). and the mean f a s t i n a ulucaaon concentration i n t h e peripheral c i r c u l a t i o n
a n t l y t o t h e t o t a l immunor e a c t i v e i n s u l i n f r a c t i o n o f plasma i n these p a t i e n t s .
Our findings i n s u r v i v o r s o f Reye's syndrome and t h e i r families i n d i c a t e t h e presence o f heterogenous types o f abnormalities o f pancreatic endocrine function as r e f l e c t e d by t h e increased concentrations o f i n s u l i n and glucagon under fasted and s t i m u l a t e d s t a t e s i n t h e peripheral venous c i r c u l a t i o n .
What r o l e t h i s abnormality plays i n t h e development o f Rrye's syndrome cannot be determined. It i s i n t e r e s t i n g , however, t h a t marked changes i n t h e conc e n t r a t i o n s o f t h e plasma fuel components which a r e influenced by these hormones a r e found i n Reye's syndrome. Hormone concentrations i n t h e untreated. a c u t e l y a f f e c t e d s u b j e c t are increased b u t n o t i n excess o f o t h e r c a t a b o l i c s t a t e s o f metabolic s t r e s s (11). The l e v e l s reported f o r these two hormones i n untreated, a c u t e l y affected subjects resemble those we r e p o r t here f o r s u r v i v o r s who a r e c l i n i c a l l y w e l l . If t h e hormone concentrations found i n s u r v i v o r s were present before t h e Reye's episode, t h e l e v e l s reported for t h e a c u t e l y affected subjects a r e unduly low. The p o s s i b i l i t y must a l s o be considered t h a t t h e a t y p i c a l hormne p r o f i l e s e x h i b i t e d by s u r v i v o r s i s t h e r e s u l t o f Reye's syndrome. The presence o f s i m i l a r abnormalities i n some unaffected s i b l i n g s would make t h i s h i g h l y u n l i k e l y , although t h e p o s s i b i l i t y t h a t these s i b l i n g s sustained a s u b c l i n i c a l form of Reye's syndrome cannot be excluddd. The p o s s i b i l i t y t h a t an environmental f a c t o r c o n t r i b u t e s t o t h i s phenotype would be excluded by t h e presence o f these f i n d i n g s i n some, but n o t a l l , f a m i l y members. Several types o f abnormalities have been described i n s i b l i n g s and parents, but i n none of the parents o r s i b l i n g s were both i n s u l i n and glucagon l e v e l s increased under f a s t i n g conditions. Of t h r e e s i b l i n g s w i t h increased hormone l e v e l s i n t h e f a s t i n g s t a t e , two involved glucagon alone and one involved i n s u l i n alone.
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The e a r l y maximal glucagon r i s e d u r i n g an a r a i n i n e i n f u s i o n r e f l e c t s o r i m a r i l v t h e acute comwnent o f alpha c e l l 14. Kang, E., C l i n i c a l diagnosis o f Reye's syndrome. B r i t Med J i: 518, 1974. s e c r e i i o n i n analogy t o t h e eakly i n s u i i n response to'glucose, w h i l e t h e l a t e r r i s e r e f l e c t s an i n t e g r a t i o n o f r e s i d u a l f i r s t phase plus second phase alpha c e l l secretion. Comparison between d i a b e t i c subjects and c o n t r o l s shows no d i s t i n g u i s h a b l e difference i n area o r slopes d u r i n g the acute phase o f alpha c e l l secretion, whereas t h e 5-30 minute slopes and areas a r e i ncreased i n diabetes (23). Both i n s u l i n and glucagon responses i n Reye's syndrome s u r v i v o r s and t h e i r families t o intravenous a r g i n i n e a r e increased. I n a d d i t i o n , t h e glucagon response i s s t r i k i n g l y biphasic i n the peripheral plasma i n c o n t r a s t t o normal i n d i v i d u a l s . Since t h e glucagon i n t h e periphe r a l plasma represents t h a t which has escaped metabolism by t h e l i v e r and kidnev o r 
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